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RBSTPACT 

This handbook suggests safety guiielines for public 
playground equipment and describes various surfaces used under the 
equipment and possible iniuries resulting from falls* The handbook is 
intended for use mainly by manufacturers, installers, school and park 
officials, and others interested in technical criteria for public 
playground equipment. Information and suggestions on what to look for 
ard what to avoid are covered: assembly, installation, and 
maintenance of equipment: C2) materials from which equipment is 
constructed: (3) strength of individual components and structtires: 
(IX) sharp points, corners, edges, and other safety hazards: (5) base 
configuration of rotating equipment: ^6) moving impact of swings: (7) 
entrapment: CB) falls from equipment: and C9> safety guidelines for 
surfaces under plavground equipment. (JD) 
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1. Introduction 

This handbook suggests safety guidelines 
for public playground equipment and de- 
scribes characteristics of various surfaces- 
used under the equipment as the surfaces re- 
late to injuries from^falls. These safety guide- 
lines are based on woi'k performed for the Con- 
sumer Product Safety Commission (CPSC) by 
the National Bureau of Standards (NBS). This 
particular handbook is technical and is in- 
tended for use mainly by manufacturers, in- 
stallers, school and park officials and pthers 
interested in technical criteria for public play- 
ground equipment. Manufacturers can use this 
information to design new equipment, and 
purchasers such as school and park officiate 
can use it to help in the selection o| appropriate 
equipment. The handbook may also be helpful 
in considering design and layout for improving 
playground safety. ^ 

Because the majority of public playground 
equipment injuries involve falls from the equip- 
ment, this handbook also presents information 
^regarding the methodology for assessing 
impact attenuation of surfaces in relation to 
head injury. The handbook contains informa- 
tion on surfacing materials commonly avail- 
able wfriGh might minimize head injury in fall 
situations. , 

Acompanion handbook has been prep^ed ' 
for general use! by the public which summa- 
rizes these safety guidelines in less technical 
terms.. The companion handbook also offers 
some general advice on the design, mainte- 
nance, retrofit and surfacing of public play- 
' grounds. 

2. Background 

The CPSC has b^^en studying public ptay- 
gr<5und equipment fpr a number of years in an 
attempt to reduce playground injuries. In 1977 
alone, for example, an estimated 93,000 inju- 
ries associated with public playground equip- 
ment were treated in hospital ernergency 
rooms. 

The Commission first became involved with 
playground safety in 1974, when a consumer 
petitioned CPSC to develop mandatory safety 
standards for public playground equipment. 
The National Recreation and Park Association 
(NRPA) was selected by the Commission to 
develop a dra^ standard. In 1976, when the 
NRPA draft standard was completed, the Com- 
mission contracted with the National Bureau 
of Standards for additional technical work 
needed to revise the NRPA recommended 
standard. Because surfaces under equipment 
appeared to play a major role In equipment 



injuries, the Commission also asked NBS to 
develop a method for testing various surfaces 
commonly used underplayground equipment, 
The. results of the NBS studies and research 
provide the basis for this two-volume hand- 
book for public playground safety. 

While the Commission's initial work was . 
clearly oriented toward developing mandatory 
safety* standards for equipment, the Commis- 
' sion decided not to issue such a mandatory 
standard. Overtheyears, its evaluation of play- 
ground safety led the Commission to conclude 
that a mandatory specification rule by itself 
would nol adequately address the pVoblem of 
playground injuries. Such factors as the di-. 
verse ways equipment is used, the varying • 
quality of supiirVision on equipment, equip- 
ment placement, and equipment maintenance 
ali' play a part in playground ?)ijuries. In 
addition, most irjjuries associated with play- 
ground equipment involved falls, which would 
not be addressed by equipment specifications 
alone. 

The Commission believes, however, that 
the results of the studies and research con- 
ducted by the NRPA and NBS can serve as 
guidelines for the design of public playground 
equipment, and can be used by people 
involved with playground safety to help reduce 
the frequency and severity of injuries associ- 
ated with equipment, Techriical rationale is^ 
provided to explain each guideline. The guide- 
lines are not a CPSC standard and. are not^ 
mandatory requirements. 

Since the guidelines are not a CPSC stand- 
ard, the Commission is not endorsing them as 
the exclusive method of safe playground 
equipment construction. The Commission be- 
lieves, however, that the'^safety features in 
many of the guidelines, such asthose address- 
ing protruisions. slip-resistant surfaces, dura- 
bility and stability, and so forth, will contribute 
to greater equipment safety, and that publica- 
tion of the guidelines as a whole will promote 
greater safety consciousness among manu- 
facturers and purchasers of equipment. 

The guidelines are recommended for play- 
ground equipment intended for use in play 
areas of parks, schools, institutions, multiple 
family dwellings, private resorts and recreation 
developments, and other areas of public insti- 
tutional use. The gu idelines are not intended to 
apply to amusement park equipment, equip- 
ment normally intended for sports' use or to 
home playground equipment. Components of 
equipment intended solely for use by the 
handicapped and necessarily modified to ac- 
commodate such users safely are also not 
covered by these puidelrnes. 



I. Definitions 

The following definitions apply for the pur- 
pose of these guidelines: . 

1/ 

Accessible - Any part of the equipment that 
nhay be contacted by any body part und^r 
conditions of norma) use. 

Clearance height - The vertlcaf distance be- 
tween the underlying surface and tho 
lowest part of the suspended member when 
the suspended member Is in its rest posi- 
tlon./ 

Conrlpcslte unit - A cc.nblnation of two or 
morfe play devices linked together to pro- 
videy^varlety o' play activities in one inte- 
gral unit (e.g.. a combination climber, slide 
'and balance beam). 

■Entrance height - The vertical distance be- 
.tween the underlying surface and the 
uppermost part of the inclined sliding sur- 
face of a slide. 

Enti apment - Any conditl6n which impedes 
withdrawal of a body or bddy part that has 
penetrated an opening. ^ 

Exit regjpn - That part of the sliding surface 
at the exit end gf a slide Intended to aid the 
user in exitmg safelj^ 

F.iil^^ners - Those parts of Jh^^^ 

s^;:ch as clamps, bolts, hooks, screws, or 

oiher hardware used to join components. 

Hand railing - A device intended for pse by 
the hands to provide body balance and sup- 
port in maintaining a specific body posture. 

Ladder - A device having a slope greater 
than 50 degrees frdm a horizontal pFSReT^ 
and consisting of a series of rungs pr steps 
on which a person may stejD while Ascend- 
ing or descending. ^ \^ 

Longitudinal component - A component 
(bar, rung, etc.) whjch provides an opportu- 
nity for climbing and is within 45 degrees 
from a horizontal plane. 

Maximum user - A twelve year old child. 
Measurements of maximum user charac- 
teristics are the 95th^ percentile values for 
combirted sexes. (See Reference 17). 

Minimum user- A five year old child. Meas- 
urements of minimum user characteristics 
are the 5th percentile values for combined 
sexes, (See Reference 17). 



Normal use - Use of the equipment in a 
manner intended by the designer or manu- 
facturer or which conforms to play patterns 
that have been established by traditional 
practice. 

Opening - A space bounded partially or 
completely by edges or surfaces of a struc- 
ture. • . X , 

^ Peak^acceleration - The maximum acce/er- 
ation imparted to a test headform during 
impact tests of suspended members or sur- 
facing materials. 

Pinch and crush point -Jhe point at which 
■ the movement of elements relative to each 
other or4o a fixed component represents a 
pinching, crushing, or shearing hazard to 
any body part. . - 

Potential impact region - Any part of the 
front or rear surface of a suspended mem- 
ber which can contact an object in its in- 
tended path. 

Protective barrier -A side enclosing device 
around an elevated surface that aids in the 
prevention of fails to lower leyels. 

Protrusion - An element or component that 
, protrudes from the equipment in any plane 
or direction in a mahner posing a potential 

impact hazard. 

.- . A __ 

Reasonably foreseeable misuse - Use of the 
equipment in a manner not originally in- 
tended by the designer or manufacturer 
and not considered customary, but which 
may anticipated through knowledge of 
childron's ^ efiavioral patterns when using 
such equipment- 

Rotailng equipment- Any equipment which 
rotates about a vertical axis, such as merry- 
go-round^j. whirls, maypoles, etc. 

Rung - A ladder crosspiece which is in- 
tended to be used as a foot support and as a 
hand grip in the normal use of the ladder. 

Sharp edge Any edge that can cut the skin 
during noirmal use. 

Slide - An apparatus having an inclined sur- 
face used for sliding. 

Spiral slide A slide whose sliding ^surface 
(chute) whe;^ projected onto a horizontaf 
plane is curvtr;^. v 

Stability - The ability of an apparatus to 



withstand maximum anticipated forces 
which act to tip or slide the equipment when 
properly assembled and Installed. 

Stairway - A device having a slope of 50 de- 
grees or less from a horizontal- plane and 
consisting of a series of steps which can be 
used for ascending or descending. 

Step - A horizontal crosspiece of a ladder or 
stairway intended for use primarily as a foot 
support. 

Straight slide - A slide with a sliding surface 
which when projected onto a horizontal 
plane i^ not curved. 

Suspended member - That part of a swing 
assembly which is intended to be occupied 
by one or more Users in the act of swinging. 

Suspending elements - Those parts of the 
swing assembly, such as chains, ropes, 
cables, tubes, etc.. that are used to suspend 
a suspended member from an overhead 
supporting structure. 

Swing - Play equipment used for swinging, 
consisting the supporting structure and 
one or more swing assemblies. 

Swing assembly - An apparatus intended 
fortjse by one or more users for swinging, 
consisting of a suspended member and its 
necessary suspending elements and fas- 
teners. ' 

Underlying surface''- The top level of the 
natural ground or surfacing naterial placed 
under and around the equipment. 

Use zone - The total space under and 
around installed equipment that is neces- 
^ sary for the user to complete the intended 
activity (e.g., swinging out. exiting from a 
slide, etc.). 



4. Assembly, Installation and 
Maintenance 

Instructions - The manufacturer should in - 4.1 
elude the following with each piece of equip- 
ment or composite unit: 

• Instructions and necessary drawings, 
photos, or 'other illustrations for proper 
assembly that include torque specifications 
for bolts and nuts and a listing of all compo- 
nents that includes part names and numbers 
where appropriate. 

• Instructions and necessary drawings, 
photos, or other illustrations that provide 
essential information for installing the 
equipment or composite unit in accordance 
with the safety design intentions of the 
manufacturer. (Forswing.as$emblies. these 
instructions should specify the manufac- 
turer's recommended maximum length for 
suspending elements.) 

• The manufacturer's recommended use 
zones for determining, the placement of 
equipment. 

• Instructions for the general maintenance of 
the equiprfient or composite unit. 

NOTE: All promotional material and Installa- 
tion Instructions should caution 
against installing playground equip- 
ment over paved surfaces such as con- 
crete and asphalt because falls to these 
surfaces may result in morg severe in- 
juries than falls to more resilient sur- 
faces. 

Identification - A durable label should be per- 4.2 
manently attached to each major unit (e.g. 
slide, climber, ejc.) or composite unit identify- 
ing: manufacturer, model and month and year 
of manufacture. This label should be placed on 
the equipment in a prominent location. 




5. Materials of Manufacture and 
Construction 

5.1 Durability - Generally, equipment should be 
constructed using materials that have a dem- 
onstrated record of durability in the play- 
ground or a similar outdoor setting. New ma- 
terials without a demonstrated record of dura- 
bility may need to be tested in a manner con- 
sidered appropriate by the manufacturer. 

5.2 Finish - Materials subject to corrosion or dete- 
rioration - should be plated, galvanized, 
painted, preserved, or otherwise treated to re- 
sist these effects. The manufacturer should 
ensure that users of the playground equipment 
cannot ingest, inhale, or absorb through body 
surfaces any hazardous substances used in 
the treatment process. 

5.3 Stability - When properly installed as directed 
in the installation Instructions or as specified 
on construction drawings, the equipment 
should withstahd maximum anticipated forces 
generated by the users which might tend to tip 
or slide it. 

5.4 Hardware - Lock washers, self-locking nuts, or 
other locking means should be provided for all 
nuts and bolts. Fasteners and connecting and 
covering devices, when torqued and installed 
in accordance with the manufacturer's instruc- 
tions, should not loosen or be removable with- 
out the use of tools. 



6: Str^h0th Of Individual Compo- 
HeAt^^nd Structures 

ftec<>ni(n^hcl^*ion - Manufacturers should test • 6.1 
theif Pl^/^^-^jLJhd equipment to determine if it is 
^troHQ ariQggh for jis intended use, 

The I^BS \$ cJeveioped strength tests that can 
t>B tJs^d^^r Pla/ground equipment compo- 
nent^ gfi^ ^iJPbortlng structures. NBS recom- 
menCJ^ th^t blaVground equipment, when 
t^st^d in accordance with those tests de- 
^c^riPe^ iri b^mgraph 6.2, should withstand the., 
^be^'^i^d '^^d^, Puring and after the test there 
0hoi^lQ| tip ^'Isible crack or breakage of any 

c^OmPSfi0.^t.''''het6.shQulcl be no other form of- ' 

f^^rrf^a^efl'ei^formationbf any component that 
may aqv/0''^0i/ affect the st^tJCtural integrity or 
?^fe ^^e^l t(i^ ecjUipmentrin the case of Indi- 
vidual ass§rnblies. hooks, sh^ackles, . , 
rihg^ ^nd'^ hKs Should not open more than one- 
n^lf of xt\0 ^r£?s^ sectional dianieter of the com- ^ 
p^T\0^\ tfi^t i^^v are intended to constrain, 

^Ug^e^ted ^est Method - Make sure that the 6.2 
equipHi^nt IS assembled and installed in 
aCiccJ'^cl^n^^^ v^hh th0 accompanying instruc- 
tion^, v^.^ppc^rt^d in an equivalent manner, 
t^st "nd'^'^iJa' cc?rnponents and the support- 
ing $^r\^cl^^e separately. Determine and apply 
the P^(js ^5 specified in the following para- 
gi^apha Abpl/ the joad gradually, attaining ^ 
(i>u\ HQt e^^^eciing) the specified value. Main- 
tain th^ It^^cJ fCfcr at least five minutes. Where 
specified, ^pp'V the load through appropriate 
Ic^^d ^i^l'^ijti^h devices of dimensions shown 



B^^CK STRAP 




EXCEPT 4 TOP EDGES) 



No1^^:(l) 0UQ)CK MADE OF ANY 
piQlD MATERIAL 

(Z) vAf^Y Dimension V AS 

p6C:iUlRgD 
(3) ALL DIMENSIONS ARE* IN 
iriCHEs. 

FlCSiU^*^ 1 " lO^D DISTRIBUTION DEVICES 



- NOTE: H a atruotural member supports a oom- 
poalte unlU load the ur)lt simultaneous- 
ly In accordance with the appropriate 
. paragraph of Section ft For swing 
asserfibllea with loot supports, load the 
seat and foot support separately, ^ 

6.2.1 Swing Assemblies and Structures Supporting * 
Swing Assemblies. 

6.2.1.1 Single Occupapcy Swing Assemblies - For 
swing assemblies intended for single occu* 
pancy, place a load distribution device on the 

' center of the seat and apply a vertical down- 
ward force of 1200 pounds. Apply the force 
gradually until it attains but does not exceed 
' 1?00 pounds within a period of one minute. - 
• • Maintain that force for five minutes.* 

6.2.1.2 Multiple Occupancy Swing Assembly - For 
swing assemblies intended for multiple occpr * 
pancy, place a load distribution device on the 
center of each^eat. Apply vertical downward , 
force 9f 725 pounds to each loading device 
simultaneously. Apply the force gradually until , 
1t attains but does not exceed 725 pounds per 
device within a period of one minute. Maintain 
that force for five minutes. , 

6.2.1.3 Trapeze Bar - For swing assembliesconsisting 
of a trapeze bar or ring, place a loading strap 
on the center of the trapeze bar or ring and 
apply a vertical downward ?orce of 1200 
pounds. Apply the force gradually, until it 

. attains but does not exceed 1 200 pounds with-. 

in a pe^io^l of ohe^ 
^ for five minutes. 

6.2.1.4 One Foot Suppo'rt - Test individually footsup- 
ports that are intended to support only one foot 
(similar to the example shown in Figure 2), 
Place a load distribution device centered on 
the position intended to support a user's foot 
and apply a vertical downward force of 484 
pounds. Apply the force gradually, until It 
attains but does not exceed 484 pounds within 
a period of one nriinute. Maintain that forte for 
five minutes. 

6.2.1.5 Both Fe et Support - For foo t_supportsjj^^ 
— ._-^^__j^^^ ^^pp^^ ^^^^ Iqq^ (similar to the ^ 

' example shown in Figure 3) place a load dis- 
tribution device centered in the position in- 
tended to support each user's feet. Apply ver- 
tical dovynward force of 725 pounds gradually, 
until it v. . js but does not exceed 725 pounds 
per devi. j» within a period of one minute. Main- 
tain that force for.five minutes. 




PLATFORM . . 

FIGURE 3 - FOOT SUPPORT INTENDED 
l^TO SUPPORT BOTH FEET 



Structures' Supporting Swing Assemblies - .6.2.1 
Center an appropriate load distribution device 
at each occupant position on all svving assem- 
blies. STmultaneousiy, load each load ditffribu- 
tion device with the force specified in Table 1. 
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TABLE 1 



Type of Swing 
Assembly 



Vertical Downward Force In Pounds to Be 
Applied Per Load Distribution Device 



StfUttures Supporting 
One Assembly 



Structures Supporting 
Two or More Assemblies 



Single occupancy 
swing assembly 

Multlpleoccupdpcy 
swing assembly 



1200 



725 



900 



600 



6.2.1.7 



Minimum Clearance of Suspended Members- 
The recommended minimum clearance 
between adjacent suspended n\embers and 
between a suspended member and the 
adjacent supporting structure should not be 
less than 18 inches when measured as shown 
in Figure 4. 




^ d==1B inches minimum 
^ x=33 inches minimum 

FIGURE 4 . SWING CLEARANCE MEASUREMENT 



6.2.2 Components and Structured Subjected to Ver- 
" ^tical Loads - Estimate the number of simulta- 
neous users, N. of a component or structure as 
specified in Paragraphs 6,2.2.1 through 6.2.2.6 
of this section. Place N load distribution de- 
* vices on the component or structure in a man- 
ner that simulates the anticipated load distri- 
bution. Simultaneously, load each load distri- 
bution device with a vertical downward force F* 
'^given by the following equation: 

F^ (pounds) = 300 (N + 1)/N 

6.2.2.1 Individual Longitudinal Components - 
Measure the length of ihe component. L (in 
Inches), and determine N from Table 2. 



NOTE: It Is sulflclent to test one of several 
components identical In size, mahrlnl 
and method of construction. 

NOTE: Components such , as side pieces of 
ladders, top support bar or pipe of 
swing assemblies andtheHke,^with the 
obvious main fOnctlon of Supporting 
other components, need not be tested 
by this procedure. 



TABLE 2 


Length of the 
Component 
in Inches 


Estimated Number 
of Users 


L< 24 . 
24 < L < 8^ 
L > BB - 


N = 1 , . 

N = L/16 V.' 

N = (L + 72)/32 

Where necessary, round 
off to the nearest integer. 
Round up if the fractional 
part is .5. 



structures Containing Two or More Longitudi- 
nal Components - Count the number of longi- 
tudinal components, L. and determine N from* 
Table 3. 



6.2.2.2 



TABLE 3 


Number of 
Longitudinal 
Components 


Estimated Number of Users 


L < 5 
L >5 


iM = L - 

ML + 5)/2 When N is not an 
/ integenlround down to the 
next integer. 
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e.2.2.3 Individual Surfaoea - For playground equip- 
ment such a? deoka, platforma, rampa; atair 
atepa, or the like, compute the aurfaoe area, A 
(In square feet), and dotermino N from Table 4, 



TABLE 4 


Area of the 
Surface in 
Square Feet 


Estimated Number of Users 
. 


A < 1 

1 < A < 10 
A > 10 


N = 1 
N = A 

N = (A + 10)/2 

Where necessary, round off to the 
nearest integer. Round up if the 
fractional part is .5. 



Apply a 460 pound horizontal force to the load 
cjlatrlbutlon device In a direction perpendicular 
to the length of the component and away from 
the encloaed atruoture, 

Dialrlbuted Load - Apply a horizontal force, F, 6«2.3.2 
in a direction perpendicular to the length of the 
comportent and away from the enclosed 
structure. Apply the force near the top of the 
component and evenly distributed over the 
entire length of the component. 

The test force is given by: F(pounds) = 150L, 
where L is the length of the component in feet. 



. 6.2.2.4 Structures Supporting Two or f^ore Surfaces - 
Estimate the number of users, N, foreach.sur- 
. face from Table 4. Obtain N by adding the esti- • 
mates for, each surface: ^ 

N = Ni + N2 + N3..... 

6.2.2.5 Slide Beds - Estimate the number of users, N. 
as follows: . 

N = L/36, . 
where L is the length of the slide bed in inches. 

6.2.2.6 Other Structures - For otherstructures such as 
i merry-g<5^rounds, see-saws, spring rockers or 

the like, estimate the number of simultaneous 
users, N, as follows: 

6.2.2.6.1 With Designated Occujbancy - For apparatus 
with designated occupancy arrangements, N 
is equal to the number of designated occupan- 

' cies. 

6.2.2.6.2 Without Designated ^ Occupancy - For 
apparatus without designated occupancy 
arrangements, make a reasonable estimate of 
N, includfng allowances for possible overlD^d- 
ing. . 

6.2.3 Components Subjected to Lateral Loads'- 
Components subjected to lateral loads such as 
guard rails, handrails, sides of barriers and en- 
closures, and the liKe, should be subjected to 
the two separate tests described below. 

6.2.3.1 Concentrated Load - Place an appropriate load 
distribution device on the component at any 
point to produca the -most adverse effect. 
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7. Sharp Points, Corners and 
Edges; Pinch and Crush Points; 
Protrusions; Suspended Hazards 

7.1 Sharp Points, Corners ana Edges - Assemble 
in accordance with accompanying instruc- 
tions. It is recommended that there be no ac- 
cessible sharp edges or points that can cut or 
puncture human tissue. The exposed open 
ends of all tubing not resting on the ground, or 
otherwise covered, should be provided with 
caps or plugs that cannot be removed without 
the usfc: of tools. Smooth finished caps, covers, 
or the equivalent, should be provided for the 
purpose of covering acce?isible bolt ends. 
When properly torqued, the recommended 
length of the protruding bolt end should be 
such that the cap or covering fits against the 
nut or surrounding surface. The caps or cover- 
ings should not be removable without the use 
of tools. 

NOTE: If the edge or point is questionable in 
terms of its injury potential, it should be 
considered as being sharp, A minimum 



radius of curvature of one-quarter inch 
is recommended for corners and edges 
of suspended members. This section 
does not apply to belts, straps, ropes 
and similar flexible components. 

Pincn and Crush Points - There should be no 7.2 
accessible pinch, crush or shear points caused 
by components moving relative to each other 
or to a fixed component when the equipment is 
moved through its anticipated use cycle. To 
determine if there is a possible pinch or crush 
point, consider the likelihood of entrapping a 
body appendage and the configuration and 
closing force of the components. 

Protrusions - The following recommendations 7.3 
and suggested test procedures to measure 
protrysions are based on National Bureau of 
Standards reports submitted to CPSC. (See 
References 29 and 30). 

Recommendation - When tested in accord- 7.3.1 
ance with Paragraph 7.3.2. no protrusion 
should extend beyond the face of any of the 
three gauges having dimensions shown in 
Figures. 



1.5 IN. RADIUS 




•k1.0 ^ 
IN. DIAMETER 



1.5 IN. 



IN. DIAMETER 



IN. DIAMETER 

FIGURE 5 - PROTRUSION TEST GAUGES 
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7.3.2 Suggested Test ^♦! tlhod - S JGCessively place 
each gauge (see Figurt 6) over each protru- 
sion to determine if the protrusion extends 
beyond the U of th^ gauge. 



GAUGE ^PROTRUSION 




PROTRUSION MUST NOT 
.EXTEND BEYOND FACE 
OF GAUGE 

FIGURE 6 - PROTRUSION TEST 



7.3.3 Exclusions - The above suggested test method 
does not apply to the following: 

7.3.3.1 Inaccessible Protrusions - (except those that 
may be contacted by a child falling from the 
equipment). 

7.3.3.2 Protrusions on the Front and Rear Surfaces of 
Suspended Members of Swing Assemblies. 

7.3.3.2.1 Recommendation - When tested in accord- 
ance with Paragraph 7.3.3.2.2, no surface in 
the potentidf impact region should protrude 
through the hole beyond the face of the sped- 
fiisd gauge. 

7.3.3.2.2 Suggested Test Method - Conduct the test with 
the suspended member in its rest position. 



Place the gauge shown in Figure 7 over a«y 
protrusions on the front and rear surface of the 
suspended member such that the axis of the 
hole is parallel to both the intended path of the 
suspended member and a horizontal plane. 

Suspended Hazard - Cables, wires, ropes, or 
similar components suspended between other 
components within 45 degrees of the horizon- 
tal are not recommended because they couid 
be impacted by a rapidly moving child. This 
recommendation does not include cables, 
ropes and other such items located 7 feet or 
more above the ground or equivalent surface. 

NO TE: It is not the intent of this recommenda- 
tion to eliminate items suchi as guard 
railings or series of ropes or cables 
such as cargo nets and climbing grids. 
This should be considered when eval- 
uating a potential hazard. 



1 1/4 INCHES MINIMUM 



7.4 




1/8 INCH MAXIMUM 



NOTE: GAUGE MADE 
OF ANY RIGID 
MATERIAL 



"2 INCHES 
MAXIMUM 



FIGURE 7 - PROTRUSION TEST GAUGE FOR 

SUSPENDED SWING ASSEMBLIES 
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8. Base Configuration of Rotat- 
ing Equipment 

Recommendation - The rotating components 
of all rotating apparatus Intended to support 
standing or seated users should Incorporate a 
continuous base that meets the following: 

• The surface of the base should be continu- 
ous with no opening between the axis and 
the periphery that permits a rod having a 
diameter of 0.3 inches to penetrate through 
the surface. 

• No component of the apparatus should ex- 
tend beyond the perimeter of the base. 

• The difference between the minimum radius 
and the maximum radius of a non circular 
base should not exceed 2.0 Inches (see 
Figure 8). 




A = AXIS OF ROTATION 
AB = MINIMUM RADIUS 
AC = MAXIMUM RADIUS 



THE DIFFERENCE BETWEEN DIMENSION 
AC AND AB SHOULD NOT EXCEED 
2.0 INCHES. 



FIGURE 8 - MINIMUM AND MAXIMUM 
RADII OF NON CIRCULAR 
BASE 



9. Moving Impact of Swings 

Recommendation - When tested In accord- 9,1 
ance with suggested test method specified in 
Paragraph 9.2. a suspended member should 
not impart a peak acceleration in excess of 1 00 
c/s to the test headform ;see Paragraph 
9.? 2.1). This recommendation is intended to 
apply to any potential impact region of a sus- 
pended member having a clearance height of 
less than 64 inches (see Reference 29). 

Suggested Tesil Method. 9.2 

Ambient Laboratory Conditions - Ambient 9.2.1 
laboratory conditions are required for the test 
(62-32° F). Expose all test equipment and sus- 
pended members to these conditions for at 
least four hours prior to test. 

Test Equipment. 9 2.2 

Headform and Support Assembly - (See Refer- 9.2.2.1 
ence 29), The peak acceleration imparted by a 
suspended member is determined by impact- 
ing an instrumented headform witli the sus- 
pended member. The size "C" headform speci- 
fied in the Federal Motor Vehicle Safety 
Standard No. 218 is used for this test. 

Construct th|? headform support assembly in 
such a manner that the total headform and 
support assembly weight does not exceed 1 0.5 
pounds. Mount an accelerometer at the center 
of gravity (Cc^.) of the headform and support 
assembly combination with the sensitive axis 
of the aceelerometer aligned to within 5 de- 
grees of the direction of travel of the headform. 

- Guidance Structure - The motion of the head- 9.2.2.2 
form after impact must be restricted to hori- 
zontal travel with the headform denterline re- 
maining in the central plane, as depicted in 
Figures 9. 9a, and 9b. Use asix-inchlbeam (61 
12.5 American S*?.ndardIBeam) or an equiva- 
lent structure as the primary support structure 
to provide the required headform motion se- 
cured in such a manner that it is stationary 
during the test. The static coefficient of friction 
between the headform support assembly and 
the stationary guidance system structure must 
be less than 0.02. 
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THROUGH HEADFORM. SUSPENDED 
ELEMENT & LONGITUDINAL AXIS OF 
GUIDANCE STRUCTURE. 



FIGURE 9 - IMPACT TEST SET-UP 




BALL. DUoninui^; 

.FIGURE »• - HEADFORM A SUPPORT FIGURE 9b - GUIDANCE STRUCTURE 

ASSEMBLY 
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.2.2.3 Instrumentation - Select and operate the in- 
strumentation for this test, including accelero- 
meter, signal conditioner and oscilloscope, 
according to SAE Practice J211, Channel 
Class 1000. 

9.2.3 Step 1 Index Mark -Affix an index mark to the 
side of the suspended member to indicate its 
mass center (C.G.) projection in the side view. 
To determine the location of the index mark, 
the suspended member must be suspended in 
two successive alternate positions as illus- 
trated in Figure 10. The mark location is deter- 
mined by the intersection of the projection of 
vertical lines passing through the suspension 
point (see Figure 10) when the member is sus- 
pended at the successive alternate positions. 

® INDEX MARK 
o SUSPENSION o 
! POINT n 



ceed;. 10% of the weight of the sus- 
pended member. 




\ 





FIGURE 10 



TYPICAL INDEX MARK 
DETERMINATIONS 



NOTE: Flexible bett-type suspended mem- 
bers require a brace (see Figure 10a) to 
maintain seat configuration during this 
procedure and d^rijigjmpac 
The weight of the brace must not ex- 




FIGURE 10a - BRACE FOR FLEXIBLE SEATS 



Step 2. Assembly and Installation - Assemble 9.2.4 
and install the suspended member to be tested 
according to the accompanying instructions, 
using the hardware and the maximum length 
suspending elements supplied with, or speci- 
fied for, the equipment. 

Step 3. Position of Suspended Member- Allow 9.2.5 
the suspended member to assume its free 
hanging rest ppsitJpn (refer to Figure 9) and 
adjust the relative positions of the suspended 
member, headform, and guidance system to 
meet the following conditions: 

• The centerlines of the headform and guid- 
ance structure, and the impact point of the 

_ suspended member must lie in the central 
plane. 

• The lower edge of the headform must b$ 
horizontal, with the headform contacting the 
impacting surface of the suspended mem- 
ber. 

• The suspended member's impacting point 
shall be in line with, and adjacent to, the im- . 
pact point on the headform. The impact 
point is that point on the headform which lies 
inthecentral planeand istangenttothever- 
tical. 

Step 4. Placement of Suspended Member - 9.2.6 
Place the suspended membiBr in the test posi- 
tion indicated by one of the following methods. ' 

Test Position 1 - Raise suspended members 9.2.6.1 
which are supported by chains, ropes, cables 
or other non-rigid suspending elements alohg 
their arc of travel until the side view projection 
of a straight line through the pivot point and 
index mark forms an angle of 60 degrees with 

the vertical. Once the suspended member is- 

raised to the test position, some curvature will 
be produced in the suspending elements. 
Adjust the suspended member position to d€h 
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termine that curvature which provides a stable 
trajectory. 

9.2.6.2 Test Position 2 - Elevate the Guspended mem- 
bers which are supported by rigid buspending 
elements along their arc of travel until the side 
view projection of the suspending element, 
which was vertical in the rest position, is at an 
angle of 60 degrees with the vertical, or at the 
maximum angle attainable, whichever is less. 

9.2.6.3 Additional Instructions - In the use of either of 
the test positions specified in Paragraphs 
9.2.6.1 and 9.2.6.2 above, caution should be 
e;.arcised tp prevent damage to the test equip- 
ment. If an unusually heavy or hard suspended 
member is to be tested, preliminary tests 
should be made at lower test angles (e.g.10d3- 
groes. 20 degrees, 30 degrees, etc.) If the rec- 
ommendations of Paragraph 9.1 are exceeded 
at a lower test angle than that specified in Para- 
graphs 9.2.6.*! or 9.2.6.2, the member does not 
agree wjth the guidelines and no further tests 
are necessary. Additionally, if there is doubt 
concerning the suspended mernber trajectory 
or stability, the headform and/or guidance 
structure should be set aside to allow trial re- 
leases without impacting the headfprm. 

- 9.2,7 Step 5/ Support of Suspended Member - 
Support the suspended member in the test 
position by a mechanism that provides release 
without the application of external forces 
which would disturb the trajectory of the sus- 
pended member. Prior to release, the sus- 
pended member and suspending elements 
must be motionless. Upon release, t^e assem- 
bly must traver in a smooth do^ward arc with- 
out any visible oscillaiions or rotations of the 
suspended member which will prevent it from 
striking. the headfornrv at the ln;ipact t)omt . 

9.2,8 Step 6. Collection of Data - Once satisfactory 
system operation and calibration are obtained, 
collect dat^ for ten impacts. Measure the peak 
iacceleration in g's for each impact If the data 
for any two of the ten im|)acts do not meet the 
recommendations.of Paragraph 9.1 /the sus- 
pended member does not agree with the 
guidelines. 



10. Entrapment 

General - To ensure that a child's arms, hands, 10.1 
or other body parts cannot become lodged in 
the equipment when the momentum of the 
child or equipment is sufficient to cause injury 
or a loss of balance, accessible components of 
moving apparatus and components adjacent 
to sliding surfaces (protective barriers, sides, 
handrails, etc.) should not be of a configura- 
tion that can entrap any part of a user's body. 

Head Entrapment -To prevent a component or 10.2 
group of components from forming an angle or 
opening that can trap a user's head, the follow- 
ing guidelines are recommended for angles 
and openings that are accessible in accord- 
ance with Paragraph 10.2.2. 

Recommendations. 10.2.1' 

Angles - Angles formed by adjacent surfaces 10.2.1,1 
(see Figure 11) on the boundary of an accessi- 
ble opening, should exceed 65 degrees. 

Distance - The distance between two opposing < 10.2.1.2 
if^terior surfaces forming the boundary of an 
accessible opening should not be less than 7 
inches when measured perpendicular to each 
surface (see Figur'e'12). \ 





ANGLE A SHOULD EXCEED 55°. ANGLE A IS EX- 
CLUDED IF ANGLE BIS MORE THAN 10° BELOW 
HORIZONTAL v ^ 



FIGURE 11 



ANGLES OF ACCESSIBLE 
OPENINGS 




\ 

\ 
\ 
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DISTANCED 
SHOULP NOT BE 
LESS THAN 7 INCHES 

FIGUJtE 12 - PERPENDICULAR DISTANCE 

BETWEEN OPPOSING SURFACES 
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10.2.1.3 Projected Lines of Intersection - For compo- 
nents that do not form a vertex as illustrated in 
Figure 13, the angle is determined from the 
projdcted lines of intersection. This angle 
should agree with the recommendation of 
Paragraph 10.2.1.1 Parallel surfaces should 
agree with the recommendation of Paragraph 
10.2.1,2. For exception, see Paragraph 
10.2.3.4. 



10.2.2 




FIGURE 13 - PROJECTED LINES OF 
INTERSECTION FOR 
DETERMINING ANGLE A 

Suggested Test Method - Attempt to insert a 
probe having dimensions as shown in Figure 
14/ If the probe penetrates an opening to a 
depth of at least 4 inches, or if the unbounded 
part of ^ partially bounded opening is at least 
1.T5 inches wide (see Figure +§> tha'opening 
can be considered accessible. If the opening 
fneets the recommendations of Paragraph 
10.2.1, it agrees with the guidejines. "* 




5.0 IN 



-A I— 1.0 IN 
-6.0 IN 



R = 2.5 IN RADIUS 



FIGURE 14 - PROBE FOR DETERMINING 
ACCESSIBLE OPENINGS 
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IF D > 1.75 INCHES, THEN THE 
OPENING IS ACCESSIBLE 



FIGURE 15 - PARTIALLY BOUNDED OPENINGS 

Exceptions to Paragraph 10.2.1. 10.2.3 

c 

Exception 1 -Angles less than 55 degrees with 10.Z3:t 
a lower leg projecting more than 10 degrees 
below horizontal. 

Exception 2 - Angles and portions of access i- 10.2.3.2 
ble dpenings less than 24 inches above the 
ground or similar surface which provides the 
same opportunity as the ground for supporting 
the body. 

Exception 3 - Accessible openings that are 10.^3,3 
completely unbounded by d lowersurface (see 
Figure 16). 




FIGURE 16 - UNBOUNDED LOWER SURFACE 
EXCLUSION 

Exception 4 - Angles less than 55 degrees that 10.2.3.4 

have been filled or similarly covered such that 

the recommendation of Paragraph 10.2.1.2 of 

this section-is met (see Figure 17). ^ 




FIGURE 17 - LESS THAN 55° ANGLE EXCLUSION 
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11. Falls From Equipment 

11.1 Elevated Surfaces - It is recommended that an 
elevated surface located more than 30 inches 
above the underlying surface and intended for 
use as a platform, deck, walkway, landing, 
transitional surface, or similar walking sur- 
face have a protective barrier at least 38 inches 
In height, The protective barrier should com- 
pletely surround the surface except for neces- 
sary entrance and exit openings, The intent of 
this recommendation is to prevent falls 
through the barrier, preclude the possibility of 
entrapment and discourage climbing. 

NOTE: This recommendation is not intended 
to apply to elevated surfaces where a 
protective barrier would encumber the 
normal intended use of the apparatus/. 
For example, balance beams, most 
climbing apparatus, platforms or other 
equipment tiered or layered in a 
manner which would preclude a fall of 
more than .30 inches. Note, also, that 
slides, ladders, and stairways are dis- 
cussBd separately. 

11.2 Hand Gripping Components - It is recom- 
rriehded that components intended to be 
grasped by the hands, such as rungs of hori- 
zontal ladders^ climbing bars, hand rails, and 
the like, should not exceed 1.6 inches in diame- 
ter or in the maximum crbss-sectionat dimen- 
sion (iEiee Reference 30). 

NOTE: This recommendation is based on an- 
thropometric data relevant to a mini- 
mum user (hand s^ze of a five year old 
^ ~ - child) and JsJnteMded^^^^^ 

When structural requirements cannot reason- 
ably be met by 1.6 inch diameter components, 
care must be exercised in selecting alternate 
components and/or designs to insure that the 
h?Qd gnpping potential is not seriously im- 



paired. 

11.3 Ladders and Stairwayc- The following recom- 
mendations are given: 

11.3.1 For Slope - When measured from a horizontal 
plane: 

11.3.1.1 Ladders vyith Rungs - Ladders with rungs 
should have a slope between 75 and 90 de-^ 
grees. 

11.3.1.2 Ladders with Steps -Ladders with step^ should 
have a slope between 50 and 75 degrees. 



greater than 35 degrees, 

For Steps and Rungs, 11.3.2 

Horizontality - Steps and rungs should be hori- 11.3.2.1 
zontal (±2 degrees). 

Width - Steps and rungs should be at least 15 11.3.2.2 
inches wide (see Figure 18). 

D>3 INCHES, IF RISERS ARE OPEN 
D>6 INCHES, IF RISERS ARE 
CLOSED 

7INCHES<H<11 INCHES 

L = 15 INCHES MINIMUM 



■i t> J " 



J 



11.3.2.3 



FRONT - ELEVATION - SIDfe 
FIGURE 18 - STE^S AND RUNGS 

Spacing - Steps and rungs should be evenly 
spaced. The spacing, when measured between 
the top surfaces of two consecutive steps or 
rungs, should be between 7 and 1 1 inches (see 
Figure 18), ^ _ ^^c- . ^ _ _ 

Tread Depth - Steps should have a tread depth 
of 3 inches or more if the risers are open and 6 
inches or more if the risers are closed (see 
Figure 18). 

For Hand Rails - Stairways and ladders with 
steps should have continuous hand rails on^ 
both sides. The railings should be ctesigned to 
maintain the user in an upright position over 
each step. 

Slip-Resistant Surfaces - It is recommended 
that componerits intended primarily for use by 
the feet should have a finish that is slip-resist-v 
ant under wet and dry conditions. 

Straight Slides - The following recomrrienda- 11.5 
t5ons are given:. 



11.3.2.4 



11.3.3 



11.4 



11.3.1.3 Stairways - Stairways should have a slope no For Side Height -Sides should project at least 11.5.1 



15 
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2.5 inches above the sliding surface when 
measured perpendicular to that surface (see 
Figure 19). The sides should extend for theen- 
tire length of the sliding surface. 



D =.2 1/2 INCHES 
-r MINIMUM 



FIGURE 19 - SLIDE CROSS SECTION 



11.5.2 For Slide Surface Slope. 

11.S.2.1 Average Incline - The average incline of the 
sliding surface should not exceed 30 degrees 
as measured in accordance with Figure 19a. 



SEE FIGURE 19c 




NOTE: AyERAGE SLOPE SHOULD NOT 
EXCEED 30^ OR H/L < 0.577 



flGURE_19a„ -_SXRj?dGHT SLIDE 



11.5.2.2 Span - No span of the sliding surface should 
have, a slope that exceeds 45 degrees as 
measured from a horizontal plane. 

11.5.3 For Exit Region: Slope.VLength; Height and 
Radius of Curvature - The recommendations 
. of this subsection pertain tb^Jides having a 
. vertical drop height (H) or an eritrance height 
(see Figur^ 1 9a) in excess of 4 )^t. (Slides 
having a vertffcal drop. height (H) or^ntrance. 
height 4 feet or less are not subject to th^se 
guidelines).- , \. 

11.5.3.1 Slope - The slope of the exit region should be 
' between 0 and -4 degrees as measured from a 
: - plane parallel to the underlying surface (see 
Figure 19b). . 



X = 16 INCHES MINIMUM 
9 INCHES <Y<15 INCHES 

T^RADIUS = 30 INCHES MINIMUM 




FIGURE 19b - EXIT REGION 



Length - The exit surface of the slide should be 
at least 16 inches in length (see Figure 19b). 

Height - The exit surface should be at least 9 
inches and no. more than 15 inches above 
ground level (see Figurq 19b). 

Radius - The radius of curvature of thesHding 
surface in the exit region should be at least 30 
inches when measured as shown in.Figure 19b. 

For Slide Surface Entrance - All slides should 
have features that facilitate transkion to the 
inclined sliding surface. SI i(tos having an en- 
trance tieight of more than 30. inches should 
meet the following: 

Platform - The entrance to the inclined slicjing' 
syrface should be a horizontal platform at least 
10 inches in length and at least as wide as the 
contiguous inclined surface. ~ 



11.5.3.2 



11.5.3.3 



11.5.3.4 



11.5.4 



Pr6lecn>^Barriers^ Except for-necessfi^ 
and entrance openings, a barrier ^should com- ^ 
pletely surround the platform and extend down 
the sides of the inclined surface in accordance 
with minimum dimensions provided in Figure 
19c. 



11.5.4.1 



-li.5^ 
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P = 38 INCHES MINIMUM 
R = 10 " 
T = 21 " 
S = 14 " 



FIGURE 19c - SLIDE SURFACE ENTRANCE 

11.5.4.2.1 To Maintain Body Balance -The barrier should 
provide the facility for the minimum as well as 
maximum user to maintain body balance and 
support when moving through the transition 
between ladder, platform, and sliding surface. 

il.S.4^2.2 Prevention of Falls - The protective barrier 
should prevent falls through the barrier, pre- 
clude the possibility of entrapment and be of a 
de$ign that neither encourages nor facilitates 
^cliroJjinfli 



h/OTE: These recommendations mayHorSB 
appropriate for all typefs of slides, e.g., 
^ slides built Into a hill, extra wide slides 
that can accomodate more than a 

single user,;'or tut;>ular (totally en- 

_closed) slides. ^ 

11.6 Spiral Slides - Spiral slide^lirTeiS^ 

which Is shown in Figure 20, should^ be de- 
signed and constructed so as Xo prevent lateral 
discharge of the slider from the chute. LatjBral 
discharge may occur in one of. two Ways, by 
tipping over or by sliding oyer the outer edge 
by tippjng over or sliding over the inner edge, t 
To prevent these types of lateral discharge, 
follow the recommendations in Paragraphs ^ 
11.6.1 through 11.8.6. 



PARTIAL 
CYLINDRICAL 
SHIELD 



-CANOPY 



PLATFORM ^ 




CHUTE 



STEPS 



BRACE 



H = TOTAL VERTICAL HEIGHT OF 
SPIRAL SECTION OF SLIDE 

SECTION TAKEN NORMAL TO EDGE OF 
CHUTE. SECTION ORIENTATION TYPICAL 
FOR ALL SUBSEQUENT CHUTE CROSS 
SECTIONS. 




FIGURE 20 - SLibrS BA^IC CONSTRUCTION, 
"H*'& CHUTE CROSS SECTION 



LaterarT5IsaTarg0^ode^)yilppL^^ 
Edge - This m0de of lateral discharge~may~ 
occur If the contour -of a cross section of the 
chute 1$ composed of perpendicujar lines as 
shown In Figure 21 a or has an abrtipt change in 
confour.as shown in Figure 21b. For such a 
spiral slide to prevent lat^raKdischarge of the 
slider, the height of the outer edge of the chute, 
Y, must beequal to or greater than a value that 
is 9 function of the height of the spiral section 
of the slide (H in Figure 20), the radius of curva* 
ture of the turn (R), andihe banking angle of 
the chute (e) (see Paragraph 11.6.5.1 foj com- 
putation of Y). 



11.6.1 



CENTER 
POST 




ABRUPT 
CHANGE IN 
CONTOUR 



, Y = HEIGHT OF OUTER EDGE OF CHUTE 
R "= RADIUS OF CURVATURE OF TURN 
9 = BANKING ANGLE OF CHUTE 

FIGURES 21a and 2ijb - CROSS SECTION OF 
CHUTES OF SPIRAL SLIDES WHOSE MODE 
OF LATERAL DISCHARGE IS TIPPING 



Figure i^- \:of ^ijCh 0 spiral slide to prevent 
lateral di^p^^r^^ h slider, the effective bank- 
ing afiQIe/^, ff'^^l ePual to or greater than a 
value thflt U ^ wh^stion of the height of the 
spiral ^eoti^ifi, Ck|), ^nd the radius of curvature 
of th^ tu^n^ ((J) (s^e f^aragraph 11.6.5.2 for 
computatioh"*^)- 





NO A^RUfcf Cij^ANoS 
11^ CONfQijpt 



AB = 10" 
DE = 
AB J.tiE 

R = f^APlU^ '^f^ CiURVATURE OF TURN 

0 = ^Ff^^C/^'V^ Nanking angle 

FIGUr*^ ^2 . ^^a^S SECTION Op CHUTE 
. ^^O^g MODE OF LATERAL 
Oj^CHAHaE IS SLIDING 



11.6.2 Lateral Discharge Mode by Sliding Over Outer 
' Edge - This mode of lateral discharge may 

occur if the contour of a cross section of the 
chute Is a continuous curve with no abrupt 
change in curvature such as that shown in 
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11.6.3 Lateral Discharge Mode Over Outer Edge Not 
Obvious - For some cliutes the potential mode 
of lateral discharge may not be obvious. In 
such cases, a radius gauge should be con- 
structed similar to the one shown in Figure 23a. 
If the gauge contacts the chute contour at two 
points, such as shown in Figure 23b, the poten- 
tial mode of lateral discharge will be tipping. If 
the gauge contacts the chute at only one point, 
such as is shown in Figure 23c, the potential 
^mode of lateral discharge will be sliding. 




6.5 IN RADIUS 



FIGURE 23a - RADIUS GAUGE TO DETERMINjE 
POTENTIAL MODE OF LATERAL 
DISCHARGE FROM SPIRAL SLIDE 



Determination of Factors to compute Outer 11.6.4 
Edge Discharge. 

Maximum vertical drop of curved section of 11.6A1 
slide, (H) - Measure the vertical distance be- \ 
tween the entrance to the slide and the lowest 
point on the spiral section of the chute (see 
Figure 20). 

Radius of Curvature of the Turn, (R) - If the 11.6A2 
mode of lateral discharge is tipping.^measure R 
as shown in Figures 21 a or 21 b. If the mode of 
lateral discharge is sliding, measure R as > 
shown in Figure 22. 

Measurement of Banking Angle, G (theta), for 11.6.4.3 
Tipping Discharge Mode - If the mode of 
lateral discharge is tipping, measure 9 as 
shown in Figures 21a or 21b. 

Measurement of Effective Banking Angle, (|) 11.6.4.4 
(phi), for Sliding Discharge Mode - If the mode 
of lateral discharge is sliding, measure (]) as 
shown in Figure 22. 
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TWp POINT CONTACT BETWEEN 
Gi^UGE AND CHUTE INDICATES 
TIPPING MODE OF LATERAL 
DISCHARGE 

FIGURE 23b 




ONE POINT CONTACT BETWEEN - 
GAUGE AND CHUTE INDICATES 
SLIDING MODE OF LATERAL 
DISCHARGE 

FIGURE 23c 



, v.. 



FIGURES 23b and 23c 



USE OF RADIUS GAUGE TO DETERMINE POTENTIAL 
MODE OF LATERAL DISCHARGE . 
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11.6.S Computation of Parameters for Outer Edge 
Discharge. 

11.6.S.1 Tipping - If the mode of lateral discharge is 
tipping, compute the effective Qdge height, Y, 
' from the following expression: 



Sliding - If the mode of lateral^ discharge is 
sliding, compute the effective banking angle, 
({), from the following expression: 



11.6.5.2 



Y > 9.5 - 6.5 



1.6 (H/R) TAN e ■^ 1 
1.6 (H/R) - TAN 0 



NOTE: In no case should the effective edge 
height be less than 2,5 Inches. Mini- 
mum values for Y Have been computed 
for different values of H, R, and 0 and 
are included In Tables 1 and 2, 



^> TAN'"* (1.6 H/R) - 11.3° 



NOTE: Minimum valuos for 0 have been com- 
puted for different values of H and R 
and are included in Table 3. 



TABLE 


1. Minimum Effective Edge Heigtits, Y incties: R = 


15 inches 






Y = 


9.5 - 6.5 


1.6 (H/R) TAN 0 +1 
1.6 (H/B) - TAN 6 








hV 








9 degrees 








inches \ 


0 


°10 


15 


20 ~ 


• 25^ 


30 


35 


.40 . . .■ 




Y inches 


48 


8.2 • 


. 7.0 


6.3 


5.6 . 


/ 4.8 


3.8 


'2.8 ' 




- 60 


8.5 


7.3 


6.6 


5.9 


5.1 


4.3 ' 


' 3.3 




72 . 


8.7 


7.5 


.6:8. 


6.1 


5.4 


4,5 


3.6 




84 ■ 


8.8 


7.6 


7.0 


• '' 6.3 . 


■ 5.5 


"4.7 


3.8 


2.7 


96 


8.9 


7.7 


: 7.0 


' 6.4 


5.7 


4.9 


3.9 


2.9 


108 


8.9 


7.8 


7.1 


■ ] 6.5 ■ 


5.8 


5.0 


4.1 


3.0 


. 120 


9.0 ■ 


7.8 


7.2 


6.5 


■ 5.8 


5.0 


4.2 


3.1 


132 


9.0 


7.9 


7.3 


. 6.0 


.5.9 


5.1 


4.2 


3.2 


.144 


9.1 


' 7.9 . 


. . 7.3 


' . 6.6 


5.9 


5.2 


• 4.3 


3.3- 


156 ; 


9. 1 


8.0 


7.3 


6.7 


6.0 


5.2 


4.3 


3.3 

C 


168 


9.1 


8.0 


7.4 . 


6.7 . 


6.0 


5.3 


,4.4 


3,4 


180 


.9.2 


6.0 


7.4 


6.7 


' 6.0 


5.3: 


4.4~ 
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TABLE 


2. Minimum Effective Edge Heights, Y Inches: R 

_ _ _ 1.6 (H/R) TAN e + 1 


- 21 Inches 






Y = 


a.o - 0.0 


1.6 (H/R) 


- TAN e 








H \ e 


" . 0 


10 

\ — 


15 


20 


25 ^ 


30 


35 


40, . • 


inches \ 




\ 




Y inches ; * 








48 


7.7 


6.4 


5.7 


5.0 


40 


2.9 






'60 


8.1 


6.8 


6.1: 


5.4 


4.5 


3.6 






72 


8.3 


7.1 


6.4 


5.7 


4.9 


4.0 


2.9 


• ■ 


84 


8.5 


7.3 


6.6 


5.9 


5.1 


4.3 


3.2 




96 


8.6 


7.4 


6.8 


6.1 


5.3 ' 


4.5 


3.5 




108 


8.7 


7.5 


6.9" 


6.2 


5.4 


4.6 


3.7 


2.5 


, 120 


8.8 


7.6 


7.0 


6.3 


5.6 


4.7 


3.8 


2.7 


I32 


- 8.9 


. 7.7 


7.0 


6.4 


5.6 


4.8 


3.9 


2.8 


144 


8.9 


7.7 


7.1 


6.4. 


5.7 


4.9 


4.0 


.3.0 


"156 \ 


9.0 


7.8 


7.2 


. 6.5 = 


5.8 


8.9 


4.1 


3.0 - 


i CD 

ipo 


9.0 


7.8 


7.2 


- 6.5 




5:0, . 


4.2 


3.1 


: 180 , 


9.4 


7^9 


7.2 


6.6 


5.9 


5.1 


4.2 


3.2 





TABLE 3. Minimum Effective 


\ 


Banking Angle, c|) ? 






(|» = 


tAN-"" 


(1.6. H/R) 


- .11.3** 




t 


L,\R inches 
■H\ 15 


18 - 




24 




inches V 




■Q degrees 








68 * 


.66 


63 


61, 




60 


7d, 


' 68. ' , 


66 


65., 






.V 

71 ■ 


70 . ' l 


68 


67 




84 


72, 


, .71 • 


70 


69" 




5. 96 .. 


73 • 


72 ■ , 


71 


70 ■ 




108 


74 


73 


72' 


71 




' 120 . 


•74! 


73 


72 


76 ; 




; 132 


75 




73 ■ , 


72 




• ■ 1,44 


'75 


74 


73 


73 




156/ 


75 " . 


75 


74 

c 


73 - 




•168 


76 , 


75 = . 


74 


74 




180 


76, 


75 ' - 


75 


74 - . , 
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11 A8 Uteral Dtecharge Mode by Tipping or Sliding 
Over Inner Edge - When measured in accord- 
ance with Rgures 24a and 24b, the contour of 
the chute at the inner portion should be such 
that 

D > Z5 INCHES 

NOTE: If the slide has a centerpost, it can be 
taken as the inner edge. 



r 




FIGURE 24b 
FIGURES 24a and 24b - MEASUREMENT OF D 



11.6.7 Exit Region: Slope. Length. Height and Radius 
of Curvature * Requirements of this section 
should be the same^is those in Section 1 1 .5.3. 

11*M Slide Surface Entrance - See Section 11.5.4: 



12. Safety Guidelines for 
Surfaces Under Piayground 
Equipment 

Introductory Comments - The majority (60- 12.1 
70%) of public playground related injuries 
happen when children fall from the equipment 
and strike the underJylng surface- Therefore, 
the objective of this section is to provide infor- 
mation about the relative ability of some sur- 
faces to absecbUie impact to a child's head, 
when the child fa4te, [The impact performance 
criterion for surfaces should be guided by 
head injury tolerance data for head-first faUs of 
children (see Reference 32)]. 

Following are some types of surfaces com- 
monly found in public playgrounds: bitie stone 
dust (blue sandstone), crushed stone, cocoa 
shell mulch, pea gravel, pine bark mini- 
nuggets, pine bark mulch, rubber mats (both 
indoor and outdoor types), sand, shredded 
hardwood bark, synthetic turf on an asphalt 
base surface, tire mulch and paved surfaces 
such as asphalt,- concrete, etc. 

Generally, while hard surfacing materials such 
as macadam, Mack top, etc, may not require 
an excessive amount of maintenance or repair, 
they do not provide injury protection from 
accidental fall impacts and are therefore not 
recommended for use under playground 
equipment 

Soft surfacing materials, such as sand, pea 
gravel, bark, wood, rubber mulch, etc. which 
provide greater protection to the child, require 
continuous maintenance to retain their cush- 
ioning effectiveness. 

Recommendation - When tested in accord- 12.2 
ance with the suggested test method in Para- 
graph 12.3, a surface should not impart a peak 
acceleration in excess of 200 g's to an instru- 
mented AN$I headform dropped on a surface 
from the maximum estimated fall height (see 
Reference 32). 

Suggested Test Method and Equipment - Use 12.3 
National bureau of Standards' test method 
which requires dropping an instrumented 
headform in guided free fall arid measuring 
some linear acceleration response of the head-* 
form during impact. For detailed procedures 
see Reference 32 for some applied surfaces 
and Reference 33 for soils. 

Concrete, Asphalt and Simjijpir Materials -Data 12.4 
obtained by the National Recreation and Park 
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Association and Roth and Burke (see Refer- 
ence 1) and National Bureau of Standards (see 
Reference 33) indicated that even at low veloc- 
ity impacts these materials would not meet the 
suggested 200 g criterion* Because of this, It is 
suggested that all Instaliatloa Instructions and 
equipment catalogs contain statements rec- 
ommending that paved surfaces, such as as- 
i phalt and concrete, not be used under play- 
ground equipment 

12.5 Influence of Environment on Surfaces - In 
general, different surfacing materials are in- 
fluenced by various environmental conditions 
existing in any specific location. Thus, selec- 
tion of surfacing materials must take into 
account varying environmental factors. Ac- 
cording to previous research, these surfaces 
generally can be affected by their environment 
as follows (see Reference 31): 

12.5^1 Loose Materials. 

12.5.1.1 Organic (e.g. pine bark mini-nuggets, pine 
bark nr^ulch, shredded hardwood b^rk and 
cocoa shell mulch, etc.): 
\ - 

• The cushioiyng properties of these mate- 
rials depend iW)n the air trapped within and 
between the individual particles. In rainy 
weather, or during periods of high humidity, 
these materials absorb moisture and tend to 
compact, thereby losing the trapped air nec- 
essary for protective cushioning. 

• With the passage of time these materials de- 
compose, are pulverized and become less 
cushioning. - ^ 

• When wet and^exposed to freezing tempera- 
tures, these materials will ijeeze and lose 
their cushioning protection. 

• These materials, when wet, provide an ideal 
condition for micro-organism growth of 
various types which might allow transmis- 
sion of communicable diseases. 

• Wind blows these materials, reducing the 
thickness .necesgary for adequate cushion- 
ing. > . 

• These materials may be bloWn or thrown 
into children's evm. 

• These materials are gradually displaced by 
Jhe playing action of children, thereby re- 
ducing the thickness of protective layers in 
vital fall areas. 

• These materials may harbor and conceal 
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various insects, animal excrement and other 
trash such as broken glass, nails, pencils and 
other sharp objects that can cause puncture 
and cutting wounds. 

• With use, these materials may combine with 
dirt and otherforeign materials resulting in a 
loss of cushioning properties. 

• Genen^l>y, these materials require replace- 
ment and continuous maintenance such as 
leveling, grading, and sifting to remove for- 
eign matter in order to remain effective as 
cushioning materials. 

Inorganic (e.g. sand, pea gravel, blue stone 12.5.1.2 
dust (blue sandstone) crushed stone, etc.): 

• These materials could be blown or thrown 
into children's eyes. 

• These materials could be displaced by the 
playing action of children, thereby reducing 
the thickness of protective layers in vital fall 
areas. 

• These materials could harbor and conceal 
various insects, animal excrement and other 
trash such as broken glass, nails, pencils and 
other sharp objects that can cause puncture 
and cutting wounds. 

• With use, these materials may be combined 
_with dirt and otherforeign materials, result- 
ing in a loss of cushioning properties. 

• With increasing amounts of moisture, sand 
becomes cohesive and less cushioning. 
When thoroughly wet, sand reacts as a rigid 
material when Impacted from any direction. 

• When wet and exposed to freezing tempera- 
tures, these materials will freezs. and lose 
their cushioning protection. 

• P'ea gravel is difficult to walk on. 

• Generally, these materials require replace- 
ment and continuous maintenance such as 

- leveling, grac(jng, and sifting to remove for- 
eign matter in order to remain effective as 
cushioning materials. 

Compact Materials (e.g. rubber mat - outdoor 12.5.2 
type, gym mat - Indoor jtype, synthetic turf on 
asphalt base - stadium surfiEice, etc.) (see Ref- 
erence 32): 

• These rhateriais have to be used on almost 
level uniform surfaces. 

• Thesejxilaterials may be subject to vandalism » ^ 
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(defaced, ignited, cut, etc). 

• Their performance will depend on the foun- 
dation or surfaceon which they are installed. 

1Z5.3 Soils - In general, the soils tested produced 
lower peak accelerations than asphalt but not 
as low as most of the loose surfacing materials 
(6 inches in depth) which were tested in the 
laboratory (see Reference 33)- However, a per- 
spective of test conditions must be maintained 



when making these comparisons. The soils 
were tested in-situ, but none of the loose 
materials were tested under conditions of a 
playground environment Peak acceleration 
appears to be correlated with a soil's moisture 
content; other associations are not evidenced 
by the data gathered by NBS. This is not sur- 
prising in view of the limited number of soils 
tested, the large nu mber of variables that char- 
acterize a soil, and the compounding of these 
variables in the soils tested. 
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